The findings of Frisé n and colleagues are so remarkright beneath the ventricular zone, the "subventricular zone" (SVZ), which gives rise to many glial cells. Ultiable that it is important to look critically at the data supporting them. First, they asked whether ependymal mately these zones largely disappear, with only a thin SVZ remaining (Figure 1) . Although some cells in the SVZ cells ever divide in vivo and were able to show that cells in the ependymal layer incorporated the thymidine persist and continue to divide throughout life, the vast majority of these newly generated cells die. Some of analog bromodeoxyuridine (BrdU) into their DNA. These cells could only be detected if they were given BrdU for these cells, however, migrate into the olfactory bulb where they give rise to new neurons (Lois and Alvarezmany weeks, suggesting that these cells divide at a very slow rate, a property expected for multipotential stem Buylla, 1993). A limited degree of neurogenesis also persists in the adult hippocampus. Except for the olfaccells. Second, they asked whether ependymal cells gave rise to olfactory neurons. By injecting either the fluorestory bulb and hippocampus, new neurons are not normally generated in the adult brain. cent label DiI or an adenoviral vector that encodes lacZ into the ventricular lumen in order to label ependymal Remarkably, during evolution our brains appear to have lost the ability to generate new neurons after injury. cells, they tracked the appearance of the label into newly formed neurons in the olfactory bulb. These experiments While it is sometimes suggested that we have substantial ability to generate new glia, to date only a very limited are provocative but do not yet provide definitive proof capacity to generate new oligodendrocytes and astrocytes has been documented. In contrast, neurons are generated in normal bird brains throughout life (Goldman and Nottebohm, 1983), for instance, and after injury, lizards and newts can regenerate their retina and spinal cord (Chernoff, 1996). If we could only learn how to restore this lost ability to generate new brain cells, the clinical ramifications could be enormous.
and, in about 60% of the wells, the ependymal cells began to divide. In most cases, death of the dividing cells ensued. (Figure 2) ? The controversy by the complexity of brain structure, a lack of good started more than 100 years ago when early neurohistolsurface markers for cell type identification, the multiplicogists first looked at the ventricular neuroepithelium unity of "transit" cell stages that are committed to rapidly der a microscope. They saw a matrix of columnar cells generate particular cell types(s), and the difficulty of in that contained some rounded mitotic cells near the luvivo assays to demonstrate self-renewing ability and menal surface. Some histologists proposed that the multipotentiality of candidate stem cells. rounded "germinal" cells were neuroblasts committed Can Glial Cells Be Stem Cells? to giving rise to neurons and that the columnar "spongioFortunately there is one element of agreement among blast" cells were committed to giving rise to glial cells. all these early neurohistologists, which is that the epenThese glial cells included radial glial cells that are columdymal cells derive directly from a subset of VZ cells. So nar cells extending from the ventricular surface to the pial surface that help guide developing neurons away either ependymal cells arise from, and in fact are, the multipotent stem cells themselves (as strongly supof GFAP to show that they give rise to neurospheres in culture as well as neuroblasts that generate olfactory ported by Frisé n's group) or, instead, ependymal cells are generated by glioblasts. In support of the latter posbulb neurons in vivo. In a clever approach, Doetsch et al. (1999) infected SVZ astrocytes with an avian leukosis sibility, in the developing human brain, ciliated ependymal cells appear to be generated by similar tanycytes virus that encoded alkaline phosphatase (AP) into the ventricles of transgenic mice. These mice had been enthat express the brain astrocyte marker glial fibrillary acid protein (GFAP; Gould et al., 1990). Although the gineered to express the receptor for the avian leukosis virus specifically only in cells that express GFAP. In this conclusion that a differentiated class of glial cell is a multipotent neural stem cell seems extraordinary, previway, only SVZ astrocytes initially expressed AP; these cells generated migrating neuroblasts that entered the ous evidence (which has tended to be ignored as improbable) has already been found that some glia might olfactory bulb where they gave rise to new neurons. Moreover, using a similar viral vector, they showed that be stem cells. It has been shown that a special class of radial ependymoglial cells in adult lizards and newts is about 10% of SVZ astrocytes give rise to neurospheres in culture; interestingly it has previously been reported critical for their ability to successfully regenerate their spinal cord after injury. These ependymoglial cells divide that a subset of SVZ astrocytes express the stem cell markers musachi and nestin (Lendahl et al., 1990; Saand give rise to new neurons and glia after injury (Chernoff, 1996). These cells are not confined to the ventricukakibara and Okano, 1997). In contrast to the results of Frisé n's group, however, they were unable to observe lar zone, but rather are radial in structure extending from the VZ lumen to the pial surface. Remarkably, Frisé n's division of ependymal cells in vitro or in vivo. Thus they conclude that SVZ astrocytes, or a subset of them, and group was able to show that after injury to ity of the identified cells self-renew in vivo as well as in vitro. These experiments come the farthest to date in establishing that a given prospectively identified cell is actually a neural stem cell. But to definitively establish that any given cell type is truly a neural stem cell, it needs to be established that the prospectively identified cells are capable of extensive, though not necessarily sustained, self-renewal in vivo after transplantation, a goal not yet attained for any prospectively identified neural cell. An important criterion for stem cell identification in the hemopoietic system is that the transplanted cells be capable of reconstituting the entire tissue. This is probably not a reasonable criterion in the CNS as it is far from clear that the brain arises from a single stem cell type.
Nonetheless our newfound ability to begin to prospectively identify neural stem cells opens an exciting new era for future neural stem cell work, as was true when
